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4. A Slaved Non-Adaptive Beamformer. The adaptive 
beamformer derives weights tnat are copied to in 
Slave beamformer, which has the same structure 2 
adaotive beamformer Dut is connected directly to 
selected antenna elements and 1s used to implement tne 
computed solution and recover Segetdes? -oese gm. 
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Three of the above key elements, the array, the 
preprocessor, and the adaptive beamformer, afford consider- 
able flexibility. A variety of specific realizations are 
possible. The slaved beamformer design is inflexible in gege 


sense that it mirrors the design of the adaptive beamformer. 


Bs PRINCIPLES OF THE DUVALI Gye ae 
The general C.B:F. struq@etureme rn eho eee ome 
Specialized to yield the C.B.F. shown in Figure 4.2. Here 
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the desired signal is assumed to be incidene Eton Smoan= tae 
so we can neglect beam steering. The preprocessar ic 
realized by using two-element subarrays in a simple ea@iement 


jifferencing scneme. The wsnharing ot elat=-a2=32-- _-. 


Subarrays provides very efficieme use Of et -jen a se a 
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the adaptive process is only used cto deternine a 


weights. These weignts are copied into a senarates, 
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identical processor whicn 1S used £O EOrm the ObLdue Site 


The C.B.F. scheme can be in cooperation witn any ©e<isT: 


b- 
Ss) 
iQ 


> 
Nh 


adaptive algorithm including the Frost one, as Figure 
addresses. 

Due to the subtractive preprocessing, the look-direction 
Signal does not appear at the Frost adaptive beamformer 
inputs, whose inputs are only composed of the jamming 
Signal. The task of the Frost Alderithmeis Temerace  anmcl! 
at the jammer direction through therdetorm ina rennet nag 
appropriate set of weights and the signal has now no effect 
at all on the determination of those weights. By copying 


the weights the slaved processor places the main beam of the 
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antenna pactern to tne constraints established by tne loox- 
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direction and verifies tnat a null has already been 09! 
ie ee sonnet Smemiieee = 1-0n . 

Sieuee 4.) 30 5eeme-esenes the Puyvall C.BiF. in terms of 
pnasor notation. The jammer components received Dy tne 


antenna are indicated by a set of equal amplitude anifocn_.- 
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eoee=C O1aSOrS, Jor Jy J5r J 3 aie J 4° Cee Se eka! Sse 
cn2 Frost aeamtormer are Jy = Jo: J, = Jy, J = Jy, aoe 
J ae Bao veto eoee so Ualrorm—amolitude, equall --s5ecsu, 
ee ee Oo eco mengles aS Ene received JanmeZx 
GON INCAS, Jo: Jas J51 J 3 and Jy: 

Since the relative phase angles are the same in the 
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Sled Screeleceseot as Im Enemerost orocessor, tne be 
pattern notcn 18 formed at the proper bearing angle. 

Tne phasor argument apolies to a single jammer at 3 
Suede pEGeguamey we LINGCaALIEY and Superposition apply and 
BOW wet eeeemase sce latiOons “ane oOreserved for multiple jaaners 
and for broadband as well as narrowband signals. 

The uniform linear array provides an attractive 
Seelemiaewnorgmrne "Cebne. DeCaliser there 1s the option of 
element sharing oOetween subdarrays. A regular array 
ear ame OlyGWwevenL, a prerequisite for the C.B.F.. 
The fundamental requirement 1s for phase matching osetween 


the master and the slave peamformers. Phase matching may de 


obtained for an arbitrary array geometry by augmenting eacn 
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Subdarray resoonses with nulls in the selected loox 
Gimecevens The Sees eOeessOr OULTOULS NUS De COPMased Idx 
BmeomMooOn aleeeelOnmamanappl led to tne adaptive seamforaer 
wnile the original element outputs are copnased and 2090112: 
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V. SPATIAL DITHER ALGORITHMS 


A. GENERAL IDEA 
Spatial dither algorithms [Reft. 2] ae 7 ea -- 3-7 


conceived for tne surpose of applying loge wecnic: > aa] 
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are enoloying 1S focused on @ Yeaucl On SCENci= 2-2 ee 
sere ee spreading it spectrally. Wheg@ene soa 22) eee 
is used with a conventional ad2aorclve Seam torier , 1 oe eee 
ene signal cancel lat ven ee: -=cts- 


Conceptually, a simOle form Of Sdacial Glienet 2s 
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1s represented 1n Figure 5.1 and Sete =i eo 02 1] 2 Nee 
olywood" approach. The elements of an antenna array may ae 
Imagined to be fixed to a piece of plywood wnich provides 
rigid insulating supoort, $0 that the entire arrays eo 
moved mechanically. In either one or two dimensions, the 
array 1S moved in directions which are orthogonal to the 
look-direction. Far-field emanations arriving from the 
look-direction will ove undistorted by the mechanical motion, 
wnile emissions from off axis sources will be distorted bv 
an unusal shift-of-time-base form of modulation. 


The outputs of the antenna elements of Figure 5.1 could 


be applied to a time delay and sum (nonadaptive) beamformer, 
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the desired signal and the various interference siynals can 
BeSGmeOw bate or coral, Cameellation of the desired 
Signal within the adaptive beamformer. 

Taos oUvebiweomeesl fe peamitormer gives a solution to tne 
pao len eCrmani Met mecanecel Wation, at the price of increased 
complexity in the beamformer structure and implementation. 
Under that scneme, in order to prevent signal cancellation, 
the useful signal is excluded from tne beamformer in whicn 
the adaptive process now takes place to derive a set of 


weights. These weights are now copied into a separate, 
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The Duvall approach to the problem is appealing Sut 
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= 1 ese era ) COST ees) (ea 
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impulse. 

A linear transfer function fOr ene nNOlse cance! ler way 
now be derived in the following manner. I£ tne time, «, is 
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This equation shows that the noise canceller with a cosine 
reference input has the properties of a notch filter at tae 
reference frequency along the signal flow path from primary 
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The tapped delay line [Ref. 5] 185 the preprocessor 
often used in adaptive filrering apolicazions. Most 
mathematical analyses of adaptive filters ars sasei 37 


taoped delay line model. A tanoped delay line can 33 
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Figure B.1. Tapped Delay Line Filter 
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# TENTH ORDER FLIIER WHCSE TRANSF2R FUNCTION 
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~1 -2 -3 -4 =e * 
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* = =2 =2 -4 =e : 
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=" * 
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FAGE XYELCTI 
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END 
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MAGG (I) =B 14SIN(W (1) )+52*SIN (4 (1) *2.) 
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CONTINUE 
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CALL DOT 
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CALL RESET (*Toa™ 
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CALL ENDPL(O) 
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END 
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Piee@ewo Cs Sd olnoate lens, IREE Procaecsings, Vol. 63 
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Se eeeosce, Cite An vesorlthm Gor Lineartly Cons <raine 
MeaOemematray Pweecessing,' [EEE Proceedings, Vol. 69, 
Nowe wee o. J25-955, AUGQUS. 1lO7Z. 


ae Piya liy Signal Cameellation in Adaotive Antennas: 
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The Phenomenon and a Remedy, Stanford University, ®8n.D. 
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Gee aie ACGaDtive Fileering of Broadband Signals a 
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PebremeemeeeNO1se Cancelling, Staitord University, Pr.c. 
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